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INTRODUCTION 
llohatic mmipuIa&m ue potentially mry d u l  for per- 
forming compkx lda in *pur (Akin, & d., 1- Meiarrl 
and Schmppell. 1962). Th.r l d a  ir lade tbe rCp.ir ud 
mewkina d d l i -  and Lbe c o r u c . o C ~  d rpwe rl&oam 
in orbit. Probkm UL. in 1b.r lda d w  (0 tlu d y n e  
cwplina between mmipcll.lm d the rp.cacnrll rhkh 
car ry  them. For aampk. link movenun(. d a nunipub 
tor rill duturb the attitdm d iC. .puacrJ t .  T h m  in tarn. 
rill u l h y  &t tho muipwhar'r prai.iocl. .ad rc 
duca the 01 rbi t  I& d t& 
attitude coarrd f d  Svch probum am encounted in 
currrnt ind-d aunipuhon which FmrJly US r i d l y  
attuhrd lo their work *a Rcruchen working ncl rh. 
rnntml d qvae mcmiplhawa haw pt to d d  with the 
dynamic roctpling prnbbem (Leo. Dcly. m a d  & j a y ,  I-, 
Holm and Ilrrly. I=). 

Thu paper p-~. a new urd r(frctiw ~ a l y t k d  -hod 
Inr qtudyina the t i ynun ia  of mmipukrora mound oa 
qmrrcrdt. by introducina the concept d the Virtual Ma- 
n i p s i l a ~  (Vhl). The V M  i M ideal kinemaris chain con- 
nrctina a point Rxed in inertial s p u e .  called the Virtud 
Ground (VC:) LO MY paint on the ml manipul.ror. Mo 
tions d the ~ m n .  i.e. the dticle. nuaipul.cor .ad pay- 
I d .  u e  milt daribed in temm d th .  rirtd - 
motiocu. a system w h a r  baa b R x d  si a point in iamirl 
rpue. Thir d e l  i very etlati- in underslandig and 
cdculdna k i n m r r t k  and dynamic pmpe&a . d s p u e  w 
niptilalor systems. For exunpk. it CM be urd for in- 
kinmutic rrdutiom. r#&pue and- dynamic d w i m  
and dynamic path p h n i n s  I t  inclnds the mraipuluor- 
vrhicle s y a m  intemcriocl., md yiddm simpler aluliom 
than C O ~ T ~ L ~ O ~  radymh metbodm. fhc V M  dm &a 
stilntantidly i n c h  undmtandina of the muripubtor- 
vrhirle dynamic interrtionm and CUI rid in the design and 
devrlopment of future mmipulator systcna for uy in rpue. 

b cumuanina 

A MODEL OF MANIPULATORS IN SPACE 

T H E  VIRTUAL MANIPULATOR 

The V i r t u d  Maaipuluor (VM) b - L;..rulL 
chain terminating si m a  ubi- poia ea rb. 14 
nipulatm. I(. hw h Lbr Virtual Cmrad (VC) r h i i  im an 
imyinuy Rxd p n t  in imtiJ I t  m paa kbr 
that lor agi rm qmccm tho pmp.r t i rd tbe VM mud br, 
tion of the VC u w  flxed. 

Future space manipulator sir- wi l l  consist d one' or 
more manioulators carried bv a vehicle. such u shown in 

Filum ? s h a  a schematic drawing d UI N body rp.ti.l 
manipulator system. The ant  body in rh. chain reo- 



Vi + VI + ... + VN. 

W U  R L 0 n 
(Kg1 (m) (m) (m) (m) * 

1 50 1.0 1.0 0.33 0.33 
, 2  50 0.75 0.75 0.5 O S  

3 so 0 3  - 0 3  - 
c 

rqmaenta a mmniprl.la which h r  iL. b.w flxd .L the VC 
and w h a r  end poiat m st E. f h m  im the Virtual Manipoh 
lor, s m  Fig. 3. Tbo i'' m link b v,. It &am at Lhe i-  I* 
V M  joint and endm at the I*' V M  joint. The last N-1 VM 
joint. u e  taken I mdute. bec~p.. the d mutipulrtor 
h u  revolute joint.. The a x a  of the i" VM joint and the 

red manipulator joint are taken pudki in the initid 
manipnilator paition. The first VIM joint. which connects 
the first virtud link ta the VC. b taken u a rphericd ioint. 

The V M  joint morcments depend on the d rystem move 
menta. The m~&~nr  d the fint V M  joint. a rpherical joint. 

lare taken equal to the mhtionr of the rpwcrdt with rc- 
r p e t  to inertid rpue. The amount d rn~tioa of the I*' 
virtual and ml joint. u e  dwaya equal. 

Aa the system mas: 

a The V M  link length. do not c h ~ l y .  

b The uc. 4 the I" virtud and red join@ dwsp ro- 
main parmllrl. 

c The V M  end point d w a y r  remain coincident with  rb. 
mrnipul&r end Cac~tor. 



Eqrtrrmn (7) ran k 1 1 4  in rcthcr Lqranatu, or N r r w  
nirn fnrmulattnna ta 61- simply urd diratly 8 compkul 
wet of N b3 quat- of motion for tho r p m m  in hnrm of 
the N e3 V M  joint roda. 
As M exunpk. tbe r q u a t i o ~  of mocion for the a y o m  
4own in Fig. 5. minu VM and c o n m t i o n d  formul.riOn. 
uc shown in Tabk 2. The V M 5  q u & ~ ~  of mark ue 
cleu!y simpkt thm the convmtiond fonnuhtlonm atequa- 
tinw d motion. 

TAULE 2. Equations d Motion by Convmtiond urd VM 
(ml = rnl = I kg.LI = L, = I m )  

~~ 

SUMMARY AND CONCtU3ION 

In t h i  ppw. the concept. d VlrLual Mmipuhcon and 
Vi r tud  Ground. q introdwod. Th. coMLructkn .ad 
propertin d V i r t d  .Hanipuluon w m  pnwncnl. ud OM 

d ita 8pplkmLiona w u  dbcurrd. fhu b 8 new concept 
and further m u c h  i required ta rlcmocutrue ib full cm 
prbil itk. 
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Fig. 1. A spuc Xlmipulrtor Syotem. 
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Fig. 2- N MY Rtroiute System in Spur.  

Plg.3. NBodySyatmaraditaVM. 

Fia. S. A Plmu fra Body System aad rh. VM. for 
Center of M u d  Euh Body. 
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